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Smoldering- and chronic-type adult T-cell leukemia/lymphomas (ATLL) patients have 
relatively indolent clinical courses, but often progress into aggressive lymphoma- and 
acute-type disease. We examined the roles of transcription factor C-MYC and its 
ubiquitin ligase FBXW7 in tumor tissues from 137 patients with ATLL. 
Immunohistochemical tests showed 50% of lymphoma cells in 78.7% (48/61) of 
lymphoma-, and 64.9% (24/37) of acute-type samples expressed C-MYC, significantly 
higher than was seen in smoldering- (3.6%) and chronic-type (9.1%) samples (P<0.01). 
Real-time PCR showed C-MYC mRNA expression in lymphoma- and acute-type 
samples were significantly higher than in smoldering-type (P<0.01). C-MYC expression 
was highly correlated with its mRNA levels (ρ=0.65, P< 0.0001), chromosomal 
aberrations (ρ=0.3, P=0.045) and MIB1 labeling index (ρ=0.69, P<0.0001). Expression 
of FBXW7 protein and mRNA in lymphoma-type samples were significantly lower than 
those of smoldering-type (P<0.01 for each), and both were inversely correlated with 
C-MYC (protein: ρ=−0.4, P=0.0002; mRNA: ρ=−0.31, P=0.015). Seven patients with 
smoldering- or chronic-type ATLL converted to acute-type, in four of whom C-MYC 
expression increased from <50% to 50%. Patients with 50% C-MYC or MIB1 had 
significantly worse prognosis than those with <50% C-MYC (P=0.0004) or MIB1 
(P<0.0001), as did those with 7.5 C-MYC mRNA scores (P=0.033); whereas 
significantly better prognosis was associated with 50% FBXW7 protein (P=0.0006) or 





0.17 FBXW7 mRNA (P=0.016). C-MYC and FBXW7 affect ATLL proliferation and 
progression, and low FBXW7 may increase C-MYC expression. C-MYC was a critical 
prognostic factor in ATLL patients.  
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Introduction 
C-MYC is a major transcription factor, located on chromosome 8q24, that accelerates 
cell proliferation via cyclin D and cyclin-dependent kinases-4/6 in the G1 phase.
1,2
 
C-MYC is expressed in many kinds of proliferating cells and neoplasms, with critical 
functions in cell proliferation, differentiation and apoptosis.
3–5
 C-MYC is an oncogenic 
factor in Burkitt lymphoma, and its protein expression and genetic heterogeneity are 
also predictors of prognosis in patients with diffuse large B cell lymphoma (DLBCL).
6–8
 
DLBCL tumors with 70% C-MYC expression and high C-MYC chromosomal 
aberration and germinal center B (GCB)-cell phenotype predict a very poor clinical 
course.
9
 However, in DLBCL with non-GCB cell type, biological features and prognosis 
based on high C-MYC expression were independent of C-MYC chromosomal aberration. 
Other indolent B cell lymphomas, including follicular lymphoma, showed low C-MYC 
expression with low C-MYC gene aberration, correlating with better prognosis.
5
  
C-MYC is also amplified with T-cell receptor and interleukin (IL) 2 especially in 
antigen-specific reactive T cells, which undergo massive clonal expansion for host 







 High C-MYC expression is induced through phosphatidylinositol-3 
kinase (PI3K)/protein kinase B (Akt)/mammalian target of rapamycin (mTOR) signal 
activation in pre-T cells.
12,13
 Translocation of chromosome 8q24 is rarely found in 
peripheral T/NK-cell lymphoma or T-acute lymphoblastic leukemia (T-ALL).
5
 However, 
chromosomal aberrations or gains of C-MYC have been reported in 4 of 20 patients 
(20%) with T-ALL through comparative genomic hybridization (CGH) arrays.
14
 High 




F-box and WD-repeat domain-containing 7 (FBXW7), located on chromosome 
4q32, is a component of ubiquitin ligases, and ubiquitinates cell-cycle regulators such as 
c-MYC, cyclin-E, c-JUN, Aurora A and Notch1.
17,18
 FBXW7 degrades C-MYC, 
inducing cell-cycle arrest from G1 to G0 phases. Onoyama et al
19
 demonstrated that 
inactivation of FBXW7 in mouse T-cells led to thymic hyperplasia due to C-MYC 
accumulation and eventually developed into T-ALL with additional p53 mutation. 
C-MYC stabilization by mutations in FBXW7 or NOTCH1 has been suggested to induce 
lymphomagenesis and maintenance of T-ALL.
15,20
 Further, 8 of 32 adult T-cell 




ATLL is human T lymphotropic virus-1 (HTLV1)-derived T cell neoplasia, 
classified into four clinical subtypes.
22
 Smoldering- and chronic-type ATLL patients 
show a relatively indolent clinical course with most involvement in skin and peripheral 





blood, subsequently developing additional genetic and chromosomal aberrations and 
often progressing into aggressive lymphoma- and acute-types.
23,24
 These 4 
subclassifications, along with performance status, are important prognostic predictors in 
ATLL patients
25
; other prognostic pathological, genetic and epigenetic factors have been 
reported in tumor progression.
26–28
 In this study, we examined whether C-MYC and 
FBXW7 in tumor tissues influence clinicopathological findings and patient prognosis in 
the four types of ATLL. 
MATERIALS AND METHODS 
Patient Selection and Clinical Findings 
We retrospectively retrieved records and samples from the Department of 
Pathology Fukuoka University for patients treated between 1990 and 2016. Histological 
classification was performed according to the 2008 WHO guidelines.
29
 This study 
focused on 137 Japanese patients with overtly invasive ATLL, using 60 node-based 
samples, 57 skin-involved samples and 20 lymphomas of other organs. We excluded 
patients with focal tumor invasion in the skin. Subtypes of ATLL were classified 
according to the Shimoyama classification criteria.
22
 Clinical information was obtained 
by reviewing medical records. We selected 15 patients with reactive lymphadenitis in 
whom to check C-MYC and FBXW7 mRNA and chromosomal aberration of C-MYC. 
The study was approved by the Institutional Review Board of Fukuoka University 





Hospital (No. 15-1-11), and was conducted in compliance with the Declaration of 
Helsinki. 
Histology and Immunohistology 
Excised tissue specimens were stocked in 10% formalin-fixed and 
paraffin-embedded wax (FFPE), and stained with hematoxylin and eosin. Histologically, 
we subclassified into four groups: monomorphic medium-sized cells, pleomorphic 
medium-sized or large cells, and diffusely CD30
+
 anaplastic large cells.
29,30
 For 
immunohistology, we applied monoclonal and polyclonal antibodies to formalin-fixed 
tumor samples using the Leica BondMax automated stainer (Leica Biosystems, Buffalo 
Grove, IL) and Leica’s proprietary antigen retrieval solution at pH 9.0; the peroxidase 
reaction was developed using diaminobenzidine as the substrate. We performed 
immunostaining for C-MYC (Y69, Epitomics, Bulingame, CA, USA), FBXW7 (3D1, 
Abnova, Taipei, Taiwan), CD3 (PS1, Leica, Newcastle, UK), CD4 (4B12, Leica), CD8 
(C81/44B, Leica), CD25 (4C9, Leica), CD30 (BerH2, DakoCytomation, Glostrup, 
Denmark), CD194 (chemokine receptor [CCR]4, 1G1, BD Bioscience, San Jose, CA), 
TIA-1 (2GP, Immunotech, Marseille, France), MIB1 (MIB1, DakoCytomation), and 
CD20 (L26, Nichirei, Tokyo, Japan). Samples in which 30% of the tumor cells were 
labeled with a particular antibody were considered positive. In addition, tumor cell 
counts were semi-quantitatively calculated by 2 pathologists in detection of C-MYC, 





FBXW7 and MIB1 in 0%, 5% and each 10% positive cells from 10% to 100% on over 
10 high power fields. Cut-off values for C-MYC, FBXW7 and MIB1 were set at 50%.  
Quantitative Real-Time Polymerase Chain Reaction for C-MYC and FBXW7 mRNA 
Total RNAs were extracted from FFPE specimens for C-MYC from 62 samples and 
FBXW7 from 60 samples, according to the manufacturer’s instructions (NucleoSpin 
total RNA FFPEXS, Macherey7-Nagel, Germany). All the samples were tested for 
expression of C-MYC (assay ID: Hs00905030_m1; amplicon size: 87 bp) and FBXW7 
(assay ID: Hs00217794_m1; amplicon size: 76 bp).
8
 In addition, samples were analyzed 
for expression of GUSB (Hs99999908_m1), TBP (Hs00427620_m1), ABL1 
(Hs00245443_m1) and RNA18S5 (Hs03928985_g1), which were used for normalization 
in the final analysis. All analyses were conducted on a real-time PCR system (Mini 
Opticon™, BioRad, USA). All measurements were taken in triplicate and results were 
averaged. Cut-off values were C-MYC mRNA: 7.5; FBXW7 mRNA: 0.17.  
Fluorescence in Situ Hybridization (FISH) for C-MYC Chromosomal Aberration 
To detect changes in copies of specific genes, dual-color probes (Vysis, 
VYS-32-19006) for C-MYC (8q24) and CEP 8 probe (Vysis, VYS-32-132008) were 
used in 45 samples. Denaturation of DNA was carried out at 75 °C for 15 minutes. 
Probe mixtures were applied to the slides, and hybridization proceeded overnight at 
37°C. Slides were counterstained with DAPI in anti-fade solution. For each sample, 





signals in more than 100 cells were scored. When each mononuclear cell had extra 
C-MYC signals, we scored it as a tumor with an increased amplification number. We 
additionally counted duplications (3 or 4 counts) of coupled CEP8 and C-MYC signals 
in each cell of the samples, and compared numbers cells with amplified and/or 
duplicated genes. In 10 patients with reactive lymphadenitis, amplification (>3 C-MYC 
signals) were detected in less than 3% of the cells (range: 0.9–2.4%). Cut-off values for 
the C-MYC probe were 5% for amplification and 20% for amplification and duplication.  
Statistical Analysis 
All pairwise comparisons of categorical variables of clinicopathological 
characteristics among the 4 ATLL subtypes were performed using chi-square test or 
Fisher’ extract test. The Steel–Dwass test was used to compare continuous variables. 
C-MYC mRNA, C-MYC in FISH, and FBXW7 protein and mRNA were compared only 
among smoldering-, lymphoma- and acute-type samples, because of small number of 
chronic-type samples. We used Spearman's rank correlation coefficient to examine 
associations between multiple clinicopathological parameters. Patient outcomes were 
determined by calculating cumulative survival from time of diagnosis to date of the last 
follow-up or death. For survival analyses, our subjects were limited to the 128 patients 
for whom follow-up medical information and outcomes were available. Overall survival 
(OS) curves were generated using the Kaplan–Meier method and compared using the 





Cox proportional hazard model. P <0.05 was considered significant. Statistical analyses 
were performed using JMP 10 software (SAS Institute, Cary, NC, USA). 
RESULTS 
Clinical Findings, Treatments, and Prognosis by ATLL type 
Of the 137 cases of ATLL, 28 were subclassified as smoldering-type, 11 as 
chronic-, 61 as lymphoma-, and 37 as acute- (Table 1). The examined involved ATLL 
sites were mostly lymph nodes in patients with lymphoma- (70.5%) and acute-type 
ATLL (45.9%); and skin in those with smoldering-type (96.4% [27/28]), chronic-type 
(100%), and acute-type (48.6% [18/37]) ATLL. We found 76.6% (36/47) of the 
lymphoma-type and 83.3% (20/24) of the acute-type expressed >2000 U/ml of soluble 
IL2 receptor (sIL2R)—significantly higher more than in the smoldering- group (18.2% 
[2/11]; P=0.0002 for both). Almost all smoldering- and chronic-type patients received 
psoralen ultraviolet-A, radiotherapies and/or oral corticosteroid therapies; 4 of the 
chronic-type patients underwent VP-16 (etoposide) therapy. Almost all lymphoma- and 
acute-type patients received combined cytotoxic treatments; 3 lymphoma-type and 8 
acute-type patients received anti-CCR4 therapy; and 3 lymphoma-type and 2 acute-type 
patients received bone marrow transplants.  





Histological and Immunohistological Findings by ATLL Type 
Histologically, smoldering- (85.7%) and chronic- (81.8%) type samples mainly 
consisted of monomorphic (Fig.1A) or pleomorphic medium-sized cell lymphoma 
(Table 2). Most lymphoma-type samples (80.3%) were mainly composed of 
pleomorphic or anaplastic large-cell lymphoma (Fig. 1B); acute-type samples (86.5%) 













. Of 27 lymphoma-type samples [Of 
the examined 27 lymphoma-type samples], 24 (88.9%) showed CCR4
+
 lymphoma cells, 
which was significantly more than in the smoldering- type (61.1%; P=0.028). 
Lymphoma-type samples showed significantly higher expression of CD30 than did 
chronic-type samples (P=0.0095). We found 46.4% (13/28) of smoldering-type, 27.3% 
(3/11) of chronic-type, 96.7% (59/61) of lymphoma-type, and 97.3% (36/37) of 
acute-type samples had 50% MIB1 labeling index of lymphoma cells, which was 
significantly lower for the former 2 than the latter 2 types (P<0.0001 for each). 
C-MYC and FBXW7 Proteins and mRNAs, and C-MYC Chromosomal Aberration by 
ATLL Type 
Expression patterns of C-MYC in lymphoma cells are shown in Figures 1C–F. We 
found 78.7% (48/61) lymphoma-type and 64.9% (24/37) acute-type samples showed 
50% C-MYC+ lymphoma cells, which were significantly higher than in smoldering- 





(3.6%) and chronic- (9.1%) types (P<0.01; Table 2, Fig. 2A). We found 51.5% (17/33) 
of lymphoma-type samples and 41.7% (5/12) of acute-type samples expressed 7.5 of 
C-MYC mRNA in tumor tissue, which were significantly higher than that of 
smoldering-type (0% [0/13]; P=0.0011 vs lymphoma-type, and P=0.0093 vs acute-type; 
Fig. 2B). In 50% (11/22) of lymphoma-type samples, we found 20% chromosomal 
amplification and duplication of C-MYC, which was significantly higher than in the 
smoldering-type (20% [2/10]; P=0.0494; Figs. 1H, 2C). We also detected 5% C-MYC 
amplification in 36.4% (8/22) lymphoma-type and 40% (4/10) of acute-type samples, 
but the C-MYC amplification ratio did not significantly differ among the 4 ATLL types. 
We found 50% FBXW7 expression in 58.3% (14/24) of smoldering-type, which was 
significantly higher than in the lymphoma-type (17.6% [6/34]; P=0.0013; Figs. 1G, 2D). 
We also found 58.3% (7/12) of smoldering-type samples had 0.17 FBXW7 mRNA in 
tumor tissues, which was significantly higher than in the lymphoma-type (12.5% [4/32]; 
P=0.0018; Fig. 2E). Mean expression of C-MYC and FBXW7 proteins and mRNA also 
significantly differed among mainly smoldering-, lymphoma- and acute-type ATLL 
(P<0.05, Steel–Dwass test; Figs. 2A–E). During follow-up, 7 patients with smoldering- 
or chronic-type ATLL showed conversion to acute-type (Table 3). In samples from these 
7 patients, lymphoma cells in 4 samples (57.1%) showed 50% C-MYC expression 
from <50%, 3 showed increased C-MYC mRNA levels and decreased FBXW7 mRNA, 
and 3 (43%) converted to 50% MIB1 labeling index from <50%. In ATLL, C-MYC 





expression was correlated with C-MYC mRNA, C-MYC chromosomal amplification and 
duplication rates, MIB1 labeling index, serum LDH and sIL2R, and inversely correlated 
with FBXW7 protein and mRNA expression (P<0.05 for all; Table 4). MIB1 labeling 
index was correlated with C-MYC mRNA scores (P=0.001) and C-MYC chromosomal 
amplification and duplication ratio (P= 0.0003), and inversely correlated with FBXW7 
protein (P=0.0003) and mRNA (P= 0.049).  
Influence of C-MYC and FBXW7 Proteins and mRNA on Prognosis by ATLL Type 
The 19 patients with monomorphic medium-sized-cell ATLL showed significantly 
longer OS than the other 3 histological types (HR=6.61, P<.0001; Kaplan–Meier and 
Cox proportional hazard models; Table 5). Among the 128 patients whose follow-up 
information was available, those with smoldering- (n=25) and chronic-type (n=8) ATLL 
had significantly longer OS than did those with lymphoma- (n=59) and acute-types 
(n=36) (P<0.05; Fig. 3A). We saw significantly worse outcomes in patients with 50% 
C-MYC expression (P=0.0004) and 7.5 C-MYC mRNA scores (P=0.033; Figs. 3B, C), 
but better outcomes in those with 50% FBXW7 (P=0.0006) and 0.17 FBXW7 mRNA 
scores (P=0.016, Figs. 3D, E). Significantly worse outcomes were also seen for patients 
with 50% MIB1 labeling index (P<0.0001; Fig. 3F), high LDH (P=0.043), 2000 
sIL2R (P=0.0017), and hypercalcemia (P<0.0001). 





Influence of C-MYC and FBXW7 Proteins and mRNA on Clinicopathological 
Findings and Prognosis in Patients with Lymphoma- and Acute-Type ATLL  
Mean C-MYC expression in lymphoma-type samples was significantly higher than 
in acute-type samples (P=0.0005), and was significantly correlated with C-MYC mRNA 
level (ρ=0.44, P=0.0026) and MIB1 labeling index (ρ=0.46, P<0.0001) in these two 
type samples. Lymphoma-type patients tended to show better prognosis than those with 
acute-type disease (P=0.14; Kaplan–Meier method). Other predictors of poor prognosis 
were clinical stages III/IV (P=0.012), 2000 sIL2R (P=0.045) and hypercalcemia 
(P=0.0003). Expressions of C-MYC and FBXW7 proteins and mRNA were not 
significantly associated with prognosis in the lymphoma- and acute-types.  
DISCUSSION 
The current study demonstrated that expression of C-MYC protein and mRNA in 
lymphoma- and acute-type ATLL samples were significantly higher than in smoldering- 
and chronic-types (P<0.05, for each). C-MYC expression and MIB1 labeling index 
were positively correlated (ρ=0.69, P <0.0001). Chromosomal abnormalities involving 
C-MYC (8q24) were rarely detected in karyotypes of 107 samples with any of the four 
ATLL types.
31
 However, CGH detected gains of 8q and 4q in 5 (11%) lymphoma-type 





 demonstrated that acetylation of C-MYC is required for engagement with 







 protein in an HTLV-1-transformed HuT-102 cell line; and 
inhibited apoptosis of C-MYC
+
 proliferating cells under conditions of genotoxic stress. 
Findings of other researchers
33
 also supported induction of C-MYC expression and 
acceleration of abnormal lymphocytic proliferation by HTLV1-related protein Tax. 
C-MYC is a major transcription factor in lymphoma- and acute-type ATLL cells, but 
seems less functional in smoldering- and chronic-types. 
Chisholm et al
5
 demonstrated that almost all of their follicular lymphoma samples 
had <25% C-MYC expression,
 
whereas studies of DLBCL samples that used cut-offs of 
407, 5034 and 70%8 C-MYC expression in tumor tissue each had significantly worse 
prognosis than did patients with lower C-MYC levels. In this study, ATLL patients with 
50% C-MYC expression of tumor cells showed significantly worse prognosis than 
those of <50% (P=0.0004); even 70% C-MYC was a significant prognostic factor 
(P=0.0041 vs 50% C-MYC). Further, 7.5 C-MYC mRNA scores were a significantly 
predictor of poor prognosis in these patients (P=0.033). Clinicopathological subtypes, 
performance status, serum IL2R, LDH and hypercalcemia are known to be significant 
prognostic factors in ATLL patients.
35,36
 Yamada et al
26
 also showed that peripheral 
MIB1 labeling index was an important prognostic index in 63 chronic- and acute-type 
ATLL patients. We further demonstrated that expression of C-MYC protein and mRNA, 
and MIB1 labeling index were highly correlated with each other, and with prognosis, in 
the four ATLL types. Among patients with only lymphoma- and acute-type ATLL, 





C-MYC expression and its mRNA revealed no definite prognostic association. However, 
we can usefully speculate on biological characteristics and patient’s clinical courses by 
expression of C-MYC protein and mRNA of tumor cells in 4 type ATLL patients, 
especially those with ATLL skin lesions.  
The current study demonstrated that clinical stage was a significant prognostic 
factor in lymphoma- and acute-type ATLL (P=0.012). Among them, acute-type samples 
showed significantly lower mean C-MYC expression than did the lymphoma-type 
samples (P=0.0005). However, acute-type patients tended to show worse prognosis than 
did those with lymphoma-type disease. Yamada et al
26
 reported that median 
peripheral-blood MIB1 labeling index was 18.9% in 42 patients with acute-type ATLL, 
which implies that multiple organ involvement by leukemic ATLL caused worse 
prognosis than high tumor expression of C-MYC.  





 cell lines and ATLL cells, Saggioro et al
37
 
demonstrated that HTLV1-related protein Tax binds to some transcription factors, such 
as activator protein 1, cAMP-response element binding protein and nuclear factor 
(NF)κB, thus inducing tumorigenesis. They also showed that fibroblast-like cell lines T6 
and T9 from Tax-transgenic mice showed elevated C-MYC mRNA and expressed more 
malignant phenotypes. Miyazaki et al
38
 reported Tax, C-MYC, and scr-family protein 
tyrosine kinase p56lck cooperate to induce growth factor-independent proliferation of 
hematopoietic cells. We found 4 of our 7 patients with smoldering- or chronic-type 





ATLL converted to acute-type ATLL with 50% C-MYC expression changing from 
<50%, and increased of mRNA levels in 3 patients. These findings suggest that C-MYC 
has a major function in tumor proliferation and accelerated the conversion from indolent 
to aggressive-type ATLL. 
Expression of FBXW7 induces strong tumor-suppressor activity, characterized by 
reduced tumor proliferation.
19
 Yeh et al
21
 demonstrated that WD40 domain mutations of 
FBXW7 were found in 25% (8/32) acute-type ATLL samples; furthermore, FBXW7 
D510E and D527G mutants remarkably showed oncogenic activity in ATLL cell lines, 
when co-expressed in the presence of HTLV-1 Tax, mutated p53 R276H or C-MYC 
F138C. They speculated that FBXW7 may have strong tumor suppression activity, and 
when mutated, can act as an oncogene in ATLL. The current study showed that 
expression of FBXW7 protein and mRNA levels in lymphoma-type samples were both 
significantly lower than in smoldering-type samples (P<0.05). Our data strongly 
suggests that low FBXW7 expression in ATLL prevents cell-cycle arrest and induces 
ATLL proliferation through C-MYC accumulation.  
Kurashige et al
39
 reported that low FBXW7 and high C-MYC expressions, and 
increased micro (mi)-RNA-223 expression, were predictors of significantly poor 
prognosis in patients with esophageal carcinoma. MiRNA-223 overexpression 
significantly reduced FBXW7 mRNA levels and increased cyclin E protein in primary 
erythroblasts obtained from cyclin E (T74A T393A) knock-in mice.
40
 Mansour et al 
41
 
demonstrated that up-regulation of miRNA-223 mediated by oncogenic transcription 





factor-1 promoted malignant phenotypes such as C-MYC and cyclin E in T-ALL cell 
lines through repression of FBXW7 function. The current study showed that <50% 
FBXW7 protein expression (P=0.0006) and <0.17 mRNA expression (P= 0.016) were 
significant predictors of poor prognosis in ATLL patients. Some etiological factors 
including miRNAs due to HTLV-1 infection may influence FBXW7 and C-MYC genes 
of infected T cells and induce C-MYC pathway-associated cell proliferation.  
Schubbert et al
42
 reported that T-ALL tumor-initiating cells were eliminated by 
co-targeting the deregulated pathway driven by PI3K and C-MYC in genetically 
engineered mice. Other researchers found that C-MYC inhibitors such as JQ1 
(bromodomain- and extra-terminal-motif bromodomain inhibitor) and histone 
deacetylase inhibitors with vincristine were completely efficacious for mice xenografted 
with human primary T-ALLs.
20
 Down-regulating C-MYC may be a major therapeutic 
strategy for ATLL. Further, mTOR is a substrate of FBXW7-mediated protein 
degeneration and loss of FBXW7 function increases mTOR levels.
43
 Jardim et al
44
 
showed effective results for an mTOR inhibitor in 10 patients with FBXW7-mutated 
advanced cancers. Pathways of PI3K/Akt/mTOR, and the C-MYC–FBXW7 axis may 
be therapeutic targets in ATLL. 
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FIGURE 1. Histological findings of tumor cells. Skin invasion by monomorphic 
medium-sized lymphoma- of smoldering-type ATLL (A). Nodal invasion by anaplastic 
large cells in lymphoma (B). Representative C-MYC and FBXW7 expressions of ATLL 
by IHC. (C) C-MYC: 5%. Skin lesion of smoldering-type. (D) C-MYC: 80%. Skin 
lesion of lymphoma- type. (E) C-MYC: 90%. Tonsillar tumor of lymphoma-type. (F) 
C-MYC: 60%. Involved lymph node of acute-type. (G) FBXW7: 80%. Skin lesion of 
smoldering-type. Atypical lymphocytes and swollen endothelium were positive for 
FBXW7. (H) FISH shows chromosomal amplification of C-MYC of involved lymph 
node from patient with lymphoma-type. Many amplifications were detectable in nuclei 
(arrow). A, B: Hematoxylin–eosin stain, ×60, C–G: Hematoxylin counter stain, ×40. 
FIGURE 2. Dot blots for C-MYC, FBXW7 and MIB1 in each patient among four ATLL 
types. (A) C-MYC expression by IHC. (B) C-MYC mRNA measured by real-time PCR. 
(C) C-MYC chromosomal aberrations (amplification and duplication) by FISH. (D) 
FBXW7 expression by IHC. (E) FBXW7 mRNA measured by real-time PCR. (F) MIB1 
labeling index by IHC. Green bars: mean level in each type. Significant differences 
between groups are shown by upper red (P<0.01) and purple (P<0.05) lines (Steel–
Dwass test). 
FIGURE 3. Overall survival (OS) curves in ATLL patients. (A) Patients with 
smoldering- and chronic-type ATLL show significantly better prognosis than those with 





lymphomas and acute-types, respectively (P<0.05). (B) Patients with ≥50% C-MYC 
expression show significantly poorer prognosis than those with <50% (P=0.0004). (C). 
Patients with ≥7.5 C-MYC mRNA score show significantly poorer prognosis than those 
of <7.5 (P=0.033). (D) Patients with ≥50% FBXW7 expression show significantly 
better prognosis than those of <50% (P=0.0006). (E). Patients with ≥0.17 FBXW7 
mRNA scores show significantly better prognosis than those with <0.17 scores 
(P=0.016). (F). Patients with ≥50% MIB1 labeling index show significantly worse 
prognosis than those with <50% (P<0.0001). OS was analyzed using the Cox 



























                                                                                                                         Adult T-cell leukemia/lymphoma total (%)
Smoldering-type Chronic-type Lymphoma-type Acute-type
n (%) n (%) n (%) n (%)
No. of cases 28 (20.5) 11(8.0) 61 (44.5) 37 (27.0) 137
Age, mean Years 68.4 68.2 67.0 62.3 66.1
    Range 33-101 46-82 44-84 43-81
    ≥ 70 years 13 (46.4) 5 (54.5) 26 (42.6) 9 (24.3) 53 (38.7)
Sex
    Male 19 (67.9) 5 (54.5) 38 (62.3) 17 (45.9) 79 (57.7)
    female 9 (32.1) 6 (45.5) 23 (37.7) 20 (54.1) 58 (42.3)
Examined involved organs
    Lymph nodes 0 0 43 (70.5) 17 (45.9) 60 (43.8)
    Skin 27 (96.4) 11 (100) 1 (1.6) 18 (48.6) 57 (41.6)
    Others 1 (3.6) 0 17 (27.9) 2 (5.5) 20 (14.6)
LDH, mean 245.6 337.5 494.5 535.7 455.5
    Range 160 - 411 151 - 705 169 - 2025 176 - 1511
    High LDH 10/17 (58.8) 6/8 (75) 40/52 (76.9) 24/31 (77.4) 80/108 (74.1)
sIL2R, mean 1231.6 2380.5 14268.7 27594.1 15462.7
    Range 368 - 2480 661 - 4670 461 - 87362 993 - 154246
    ≥ 2000 U/ml 2/11 (18.2) *† 3/6 (50) 36/47 (76.6) * 20/24 (83.3) † 61/88 (69.3)
Hypercalcemia 0/15 (0)#¶ 0/6 (0) 12/53 (22.6)# 9/25 (36)¶ 21/99 (21.2)
5-year survival (%) 70.1% 62.5% 20.8% 10.1% 29.70%
TABLE 1. Clinical findings of patients with adult T-cell leukemia/lymphoma
LDH, lactate dehydrogenase; sIL2R, soluble interleukin 2 receptor. *, †: P<0.001, ¶: P<0.01, #: P<0.05








Smoldering- Chronic- Lymphoma- Acute- total
type (%) type (%) type (%) type (%)
No. of cases 28 (20.5) 11(8.0) 61 (44.5) 37 (27.0) 137 (100)
Histological findings
  Monomorphic medium-sized 14 (50)*† 7 (63.6)‡§ 3 (4.9)*‡ 0 (0)†§ 24 (17.5)
  Pleomorphic medium-sized 10 (35.7)# 2 (18.2)¶ 9 (14.8)#* 18 (48.7)¶* 39 (28.5)
  Pleomorphic large cell 4 (14.3)# 2 (18.2) 24 (39.3) # 14 (37.8) 44 (32.1)
  Anaplastic large cell 0 (0)* 0 (0)¶ 25 (41.0)*¶∫ 5 (13.5)∫ 30 (21.9)
Main cell phenotypes
    CD3 28 (100) 11 (100) 58 (95.1) 37 (100) 134/137 (97.3)
    CD4 26 (92.9) 10/10 (100) 53 (86.9) 35/36 (97.2) 124/135 (91.9)
    CD8 3/26 (11.5) 1/8 (12.5) 8 (13.1) 5/34 (14.7) 17/129 (13.2)
    CCR4 11/18 (61.1)# 4/5 (80) 24/27 (88.9)# 12/16 (75) 51/66 (77.3)
CD25 (mean) 67.1% 72.7% 83.0% 73.5% 76.40%
    CD25 25 (89.3) 10 (90.9) 58 (95.1) 32 (86.5) 125/137 (91.2)
CD30 (mean) 11.30% 1% 35.70% 21.50% 24.20%
    CD30 6 (21.4) 0 (0)¶ 26 (42.6)¶ 10 (27.0) 42/137 (30.7)
MIB1 (mean) 42.9% 25.5% 84.6% 79.7% 70.0%
    ≥ 50% 13 (46.4)*† 3 (27.3)‡§ 59 (96.7)*‡ 36 (97.3)†§ 111/137 (81.0)
C-MYC IHC (mean) 12.7% 15.9% 62.6% 47.6% 44.60%
    ≥ 50% 1 (3.6)*† 1 (9.1)‡¶ 48 (78.7)*‡ 24 (64.9)†¶ 74/137 (54.0)
C-MYC mRNA (mean) 3.4 5.3 10.4 7.3 8.03
    ≥ 7.5 0/13 (0)¶∫ 1/4 (25) 17/33 (51.5)∫ 5/12 (41.7)¶ 23/62 (37.1)
C-MYC (A) FISH (mean) 2.00% 2.00% 4.30% 8.40% 4.54%
    ≥ 5% 2/10 (20%) 1/3 (33.3%) 8/22 (36.4%) 4/10 (40%) 15/45 (33.3%)
C-MYC (A+D) FISH (mean) 8.9% 9.4% 27.4% 34.6% 23.7%
    ≥ 20% 2/10 (20)# 1/3 (33.3) 11/22 (50)# 7/10 (70) 21/45 (46.7)
FBXW7 IHC (mean) 48.1% 47.1% 21.3% 25.6% 32.30%
    ≥ 50% 14/24 (58.3)¶ 4/7 (57.1) 6/34 (17.6)¶ 5/17 (29.4) 29/82 (35.4)
FBXW7 mRNA (mean) 0.3 0.55 0.09 0.12 0.17
    ≥ 0.17 7/12 (58.3)¶ 3/4 (75) 4/32 (12.5)¶ 3/12 (25.0) 17/60 (28.3)
TABLE 2. Histological and immunohistological findings, C-MYC and FBXW7 mRNA and chromosomal aberrations
in adult T-cell leukemia/lymphoma
A, amplification; D, duplication; FISH, fluorescence in situ hybridization; IHC, immunohistochemistry.
Chi square tests were performed between each pair of groups. *,†,‡,§: P<0.001, ¶,∫: P<0.01, #: P<0.05.


















Case Age Sex Clinical Histological types Clinical course Involved MIB1 C-MYC C-MYC FBXW7 FBXW7 
classification sites (%) (%) mRNA (%) mRNA
1 66 M Smoldering Mono. medium-sized 40 months Skin 40 10 1.343 70 0.24
Acute Pleo. medium-sized 53 months, alive Skin 70 60 5.449 20 0.037
2 53 M Smoldering Mono. medium-sized 100 months Skin 20 10 4.508 60 0.375
Acute Pleo. medium-sized 10 months, alive Skin 20 20 5.541 30 0.0961
3 52 M Smoldering Mono. medium-sized 53 months Skin 10 5 nt 10 nt
Acute Pleo. medium-sized 20 months, dead Colon 70 50 nt 5 nt
4 77 F Smoldering Pleo. medium-sized 21 months Skin 10 5 nt 60 nt
Acute Pleo. medium-sized 35 months, dead Skin 30 10 nt 20 nt
5 60 M Smoldering Mono. medium-sized 180 months Skin 20 5 nt 80 nt
Acute Pleo. medium-sized 19 months, alive Stomach 80 50 nt 20 nt
6 56 F Smoldering Pleo. medium-sized 8 months Skin 90 30 2.689 0 0.24
Acute Pleo. large cell 8 months, alive Skin 90 60 4.16 0 0.078
7 79 F Chronic Mono. Medium-sized 16 months Skin 50 5 nt 70 nt
Acute Pleo. Medium-sized 2 months, dead Skin 70 20 9.362 10 0.0837
TABLE 3. Immunohistological and genetic changes in C-MYC and FBXW7 for 7 patients with adult T-cell leukemia/lymphomas
that converted to aggressive-type disease
Mono., monomorphic; nt, not tested due to failure of RNA extraction; Pleo., pleomorphic. 










C-MYC IHC vs. C-MYC mRNA 0.65 <.0001
C-MYC IHC vs. C-MYC  (A+D) FISH 0.3 0.045
C-MYC IHC vs. MIB1 0.69 <.0001
C-MYC IHC vs. LDH 0.31 0.001
C-MYC IHC vs. sIL2R 0.39 0.0002
C-MYC IHC vs. FBXW7 IHC -0.4 0.0002
C-MYC IHC vs. FBXW7 mRNA -0.31 0.015
C-MYC mRNA vs. MIB1 0.41 0.001
C-MYC mRNA vs. C-MYC (A+D) FISH 0.24 0.18
C-MYC mRNA vs. LDH 0.27 0.052
C-MYC  mRNA vs. sIL2R 0.33 0.03
C-MYC (A+D) FISH  vs. MIB1 0.51 0.0003
MIB1 vs. LDH 0.27 0.004
MIB1 vs. sIL2R 0.32 0.002
FBXW7 IHC vs. FBXW7  mRNA 0.55 <.0001
FBXW7 IHC vs. C-MYC  mRNA -0.22 0.092
FBXW7 IHC vs. C-MYC  (A+D) FISH -0.24 0.16
FBXW7 IHC vs. MIB1 -0.39 0.0003
FBXW7 IHC vs. sIL2R -0.27 0.046
FBXW7  mRNA vs. C-MYC  mRNA -0.15 0.25
FBXW7  mRNA vs. C-MYC  (A+D) FISH -0.19 0.3
FBXW7  mRNA vs. MIB1 -0.26 0.049
TABLE 4. Correlation among C-MYC, FBXW7 and other factors in adult T-cell
leukemia/lymphoma
ρ: Spearman’s rank correlation coefficient; A, amplification; D, duplication; FISH,
fluorescence in situ hybridization; IHC, immunohistochemistry; LDH, lactate
dehydrogenase; sIL2R, soluble interleukin 2 receptor.







Factors HR 95% CI P -value
Age,  ≥70 vs. <70 years 1.33 0.84-2.07 0.22
Gender,  Male vs. Female 1.00  0.64-1.55 0.98
Monomorphic medium-sized vs. other 3 types 6.61  2.72-21.8 <.0001
Clinicopathological types <.0001
    Smoldering vs. Acute 8.89  3.68-26.5 <.0001
    Smoldering vs. Lymphoma 6.03  2.60-17.5 <.0001
    Chronic vs. Acute 3.72  1.53-11.2 0.0027
    Chronic vs. Lymphoma 2.52  1.08-7.38 0.031
    Lymphoma vs. Acute 1.47  0.90-2.38 0.12
    Smoldering vs. Chronic 2.39  0.66-8.60 0.18
MIB1,  ≥50% vs. < 50% 4.27  2.15-9.76 <.0001
High LDH vs. normal 1.78  1.02-3.33 0.043
sIL2R, ≥2000 vs. <2000 U/ml 2.52  1.40-4.90 0.0017
Hypercalcemia vs. normal 3.97  2.20-6.74 <.0001
C-MYC IHC, ≥50% vs. < 50% 2.27  1.44-3.66 0.0004
C-MYC mRNA,  ≥7.5 vs. < 7.5 2.07  1.06-3.98 0.033
C-MYC  (A+D) FISH, ≥20% vs. < 20% 1.95  0.91-4.30 0.088
FBXW7 IHC,  ≥50% vs. < 50% 3.01  1.58-6.15 0.0006
FBXW7 mRNA ≥0.17 vs. < 0.17 2.67  1.19-7.16 0.016
TABLE 5. Univariate analysis of risk factors for survivals in patients with adult T-cell
leukemia/lymphoma
A, amplification; CI, confidence interval; D, duplication; FISH, fluorescence in situ
hybridization; HR, hazard ratio; IHC, immunohistochemistry; LDH, lactate
dehydrogenase; sIL2R, soluble interleukin 2 receptor.
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